The aim of the study was to evaluate the nutritional value of Panicum maximum cv. Gatton for sheep production in three different seasons and at three different stages of maturity. More mature pasture, compared to younger pasture, resulted in lower quality being selected. This was reflected in lower N values, lower digestibility and higher NDF, ADF and ADL values in selected material. Digestible organic matter intake (DOMI) also decreased with maturity. Grazing of more mature pasture resulted in lower rumen ammonia nitrogen (NH 3 -N) levels and higher acetic:propionic acid ratios. This trend was noted in all seasons. The nutritional value of the pasture in summer was high enough to meet at least the maintenance requirements of sheep in all stages of maturity evaluated. The nutritional value of the young and medium mature autumn pasture was also high enough to meet at least the maintenance requirements, but at the mature stage intake was too low. Intake in winter at all stages of maturity, was too low to meet the maintenance requirements of sheep.
Introduction
The stage of maturity of pasture influences forage quality and hence voluntary intake and selection by sheep. The decrease in quality and intake with advancing stage of pasture maturity is well documented (Minson, 1972; Aii & Stobbs, 1980; Garcell & Poppe, 1989; Wan Hassan et al., 1990; Cilliers & Van der Merwe, 1993; Kabunga & Darko, 1993) . Although there are numerous reports on the effect of stage of maturity on the nutritive value of tropical pastures, there is a paucity of data for P. maximum cv. Gatton grown under dryland conditions. The aim of this study was to evaluate how the stage of maturity of Panicum maximum cv. Gatton grown under dryland conditions influences quality of material selected, intake and certain rumen parameters when grazed by sheep during various seasons of the year.
Materials and methods
The study was conducted at the Hatfield Experimental Farm of the University of Pretoria. The site is situated at 28.11ºE; 25.44ºS at an altitude of 1372m, and has an average annual rainfall of 674 mm with a dry autumn and winter. The P. maximum pasture was established under dryland conditions, and was fertilized with 700 kg limestone ammonium nitrate (28% N) per ha in two equal dressings in spring and mid-summer, plus a single spring application of 300 kg KCl/ha.
Three camps of 0.24 ha each were used. These were subdivided into three smaller camps that were manipulated to produce young, early reproductive or mature stage pastures by mowing the three subsections in each camp at different intervals. The periods of pasture re-growth were 84, 42 and 21 d for the mature, medium and young growth stages, respectively. The pasture was planted on 7 November 1989 and mowing for the summer, autumn and winter season treatments was commenced on 18 February, 12 April and 6 June respectively of the following year (1990) .
Twelve Döhne-Merino wethers equipped with rumen, abomasal and terminal ileal fistulas were randomly allocated to the three treatments. An additional 15 wethers were allocated to the three treatments, and fitted with faecal collection bags to determine voluntary intake. Three oesophageal fistulated sheep, randomly allocated to each treatment, were used to estimate the quality of plant material selected at each stage of maturity. All the animals were treated against internal parasites, inoculated against pulpy kidney disease and injected with vitamin A two weeks prior to the start of the experimental period. The treatment against internal parasites were repeated every six weeks. The animals had ad lib. access to a 50:50 dicalciumphosphate/salt lick, and fresh water was available at all times. Rumen samples were collected at the times shown in Table 1 . Rumen fluid (100 ml) was extracted from different sites in the rumen with a syringe. The liquid was filtered through a layer of cheesecloth, and the pH was measured. Fifty ml of the sample was preserved with 2 ml 0.5 M H 2 SO 4 solution. Samples were pooled for each period and frozen until analysis for NH 3 -N concentrations by an automated procedure (Technicon Auto Analyser II: Industrial method no. 334 -74A). Fifty ml of the rumen fluid drawn was preserved with 1 ml 0.10 % NaOH solution and added to a frozen composite sample until volatile fatty acid analysis by gas chromatography. Samples were collected from three oesophageal-fistulated sheep for each pasture at the beginning and end of the grazing periods used for rumen sampling. They were denied access to feed for three hours before the commencement of sampling, and were allowed to graze for 45 minutes during which samples were collected. Saliva was removed through a double layer of cheesecloth as described by Engels et al. (1981) . The samples were frozen and analysed for in vitro digestible organic matter (IvDOM; Tilley & Terry, 1963 as modified by Engels & Van der Merwe, 1967) , N (macro Kjedahl method of AOAC, 1995), NDF according to Robertson & Van Soest (1981) and ADF and ADL according to Goering & Van Soest (1970) . For each treatment five sheep were fitted with faecal collection bags one week prior to the start of the rumen sampling period. The duration of the fecal collection period was 10 days. Digestible organic matter intake (DOMI) was determined from faecal output (Langlands, 1975) by converting in vitro digestibility to in vivo digestibility according to Engels et al. (1981) .
An analysis of variance for balanced data with the ANOVA model (Statistical Analysis Systems, 1994) and the Tukey t-test (Samuels, 1989 ) was used to determine the effects of stage of maturity and season.
Results and Discussion
Pasture quality parameters decreased from the young to mature stages in summer, autumn and winter (Table 2 ). These differences may have arisen from either of two sources: selection behaviour of sheep may differ between levels of maturity (O`Reagain & Owen-Smith, 1996) or plant composition may differ between levels of maturity (Aii & Stobbs, 1980) . O`Reagain et al. (1996) reported that the presence of an increased proportion of plant stems, typical of older plants, may restrict access to leafy parts and force animals to consume lower quality herbage. O`Reagain & Owen-Smith (1996) also noted that sward greenness is positively correlated with the selection of a high quality diet. The quality of available bites is depressed when green leaf-material is scarce and largely dispersed among senescent material. These factors could explain the results of this experiment, especially in the case of the older autumn pasture for which the NDF and ADL fractions increased with level of maturity. The nitrogen content of pasture also decreased from the young to mature stages in summer, autumn and winter, although differences were not statistically significant for all means (Table 2) . Various authors have reported the same trend for P. maximum (Gomide et al., 1969; Aii & Stobbs, 1980; Dzowela et al., 1990; Wan Hassan et al., 1990; Singh et al., 1995) . The ADF, ADL and NDF fractions differed between stages of maturity for all seasons; the youngest and the oldest stages differed for all seasons except for ADF in autumn. The ADF concentration for autumn was lowest for the medium stage of maturity, followed by the young and then the mature stage. The reason for this is not clear, since several authors have shown that NDF, ADF and ADL concentrations increase with stage of maturity (Garcell & Poppe, 1989; Buxton, 1991; Jung & Vogel, 1992; Kephart & Buxton, 1993; Hatfield et al., 1994) . Digestibility decreased with level of maturity in all seasons except winter (Table 2) in agreement with reports showing that a decrease in N content and an increase in NDF, ADF and ADL content is associated with a decrease in digestibility (Ford et al., 1979; Cilliers & Van der Merwe, 1993) . Digestible organic matter intake (DOMI) decreased from young to mature pastures in summer and autumn (Table 3) . Minson (1972) also reported a drop in voluntary DOMI with increasing regrowth period. The decrease in quality of the material selected (Table 2) corresponded well with the decrease in intake. Van Soest (1965) and Cilliers & Van der Merwe (1993) reported similar results for animals grazing pastures of decreasing quality. Laredo & Minson (1973) and Minson (1982) reported a negative relationship between intake and the NDF, ADF and ADL content of grasses, however Minson (1971) , Laredo & Minson (1973) and Minson (1982) noted a positive relationship between digestibility and intake. No differences between stage of maturity were observed in winter for DOMI. A decrease was, however, observed in terms of the quality of material selected, which corresponded with the pattern observed for the other seasons. Intake in winter was, however, lower than in the other seasons (Table 3) . Barthram (1980) found that grazing sheep seldom penetrated into horizons containing dead material, even if herbage intake was severely limited as a consequence. It is possible that this effect could have been a factor in this particular season. Engels (1972) found that the maintenance intake requirement for sheep was 33.5 g DOM/kg W 0.75 /d which indicates that the DOMI in summer would, at least, have been able to satisfy maintenance requirements. The mean values for young and medium stage autumn pasture were also above this value, but The South African Journal of Animal Science is available online at http://www.sasas.co.za/Sajas.html 88 the intake of mature autumn grazing was too low to satisfy maintenance requirements. In winter DOMI at all stages was below this level. Rumen NH 3 -N levels decreased as pasture matured during all seasons (Table 4) . Hogan et al. (1969) also observed a decrease in rumen NH 3 -N levels with advancing forage maturity. Rumen NH 3 -N concentrations were the highest in summer, followed by autumn and winter which corresponds with the results of Meissner et al. (1993) . N intake decreased with level of maturity, as discussed previously (Table  3) . A positive correlation between N intake and rumen NH 3 -N concentrations was also observed by Meissner et al. (1993) . Although rumen NH 3 concentrations are not only a function of N content, but of N solubility, energy content of the diet and level of intake (Van Soest, 1982) , N content accounted for up to 81% of the variation in rumen NH 3 concentration in the study of Meissner et al. (1993) . The high N content of the young and medium pastures in this study was accompanied by high rumen NH 3 -N concentrations. Satter & Slyter (1974) reported a positive response in microbial yield at a pasture N content of below 2.5%, but not above. Increased N losses, in the form of NH 3 -N, occurred above 2.5% N in the pasture. This possibly explains the relatively high values for NH 3 -N concentrations observed for young and medium summer pastures. The optimal rumen NH 3 -N concentration lies between 2 and 20 mg NH 3 -N /100ml rumen fluid (see Meissner et al., 1993) . For maximum microbial yield in the rumen, 5 mg NH 3 -N /100 ml rumen fluid is sufficient, while 20-24 mg NH 3 -N /100ml is required for maximum fermentation rate (θrskov, 1982) . With grazing animals, maximum fermentation rate is more important than maximum microbial yield, as the former leads to higher intake and nutrient supply (Boniface et al., 1986) . The mean rumen NH 3 -N concentration for the medium and mature stages during summer was within the range for maximum fermentation rate as defined by θrskov (1982) . Mean rumen NH 3 -N concentrations for autumn and winter were between the limits for optimal rumen function as defined by Meissner et al. (1993) . Rumen NH 3 -N concentrations for the mature stage in winter approached the maximum microbial yield value as defined by θrskov (1982) . This may explain the lower intakes observed during winter at the more mature stages (Table 89 3). However, as discussed previously, there are a number of factors that influence intake at different stages of herbage maturity.
Total volatile fatty acid production decreased as herbage reached maturity (Table 4) . The results of Hogan et al. (1969) and Playne & Kennedy (1976) are in concordance with these findings. Proportions of propionic acid decreased (P < 0.05) as herbage matured during summer and autumn. A high proportion of propionic acid is also associated with high-quality plant material (Meissner et al., 1993) . Walker et al. (1975) indicated that hay diets resulted in a lower total VFA production rate compared to green succulent feed, possibly explaining the lower value observed at the mature stage in winter compared to the other seasons.
An increase in the ratio of acetic to propionic acid occurred during all three seasons as herbage matured (Table 4 ). The ratio of acetic to propionic acid is also linked to forage quality. A high ratio of acetic to propionic acid could result in less efficient utilization of NH 3 -N (Playne & Kennedy, 1976) . Acetic and butyric acid can only be utilised for tissue growth and production if sufficient propionic acid is available (Annison & Armstrong, 1970) . MacRae & Lobley (1982) stated that acetic acid was only utilized inefficiently at low propionic acid levels when the N or glucose supply from the diet was low. It is conceivable that the summer decrease in propionic acid could potentially have decreased acetic acid utilization, but this is unlikely, given the relative abundance of N in forage during this period. The ratio of acetic to propionic acid increased (P < 0.05) with level of maturity for all seasons, indicating that a more mature pasture is associated with lower quality material. During winter the high ratio of acetic to propionic acid for mature-stage pastures, together with a low pasture N content, could have resulted in inefficient utilization of acetic acid, which could have influenced the performance of animals in this treatment. MacRae et al. (1985) reported that animals fed roughage diets of low N content may utilize acetic acid less efficiently.
Conclusions
Increased pasture maturity had a negative effect on the nutritional value of P. maximum cv. Gatton pasture, indicating that this forage would be best utilized at younger stages of development. Digestible organic matter intake was too low to satisfy maintenance requirements of grazing sheep in mature autumn pasture and at all three stages of pasture maturity in winter pasture. The decrease in intake, together with lower digestibility at mature stages in winter and autumn indicates that supplementary feeding would be necessary at these times.
